Introduction
============

All multiple pregnancies are at an increased risk of antepartum complications, relative to singletons. In monochorionic (MC) multiples, the perinatal morbidity and mortality risk is significantly higher than dichorionic (DC) twins, which are the commonest type of twins.[@b1-ndt-13-1373]--[@b3-ndt-13-1373]

Approximately one in 80 births in Australia is twins, and of these, around 30% are monozygotic (identical). MC diamniotic (MCDA) twins are identical twins who share a placenta but not an amniotic sac, with this architecture arising in around two-thirds of monozygotic twins,[@b1-ndt-13-1373],[@b4-ndt-13-1373],[@b5-ndt-13-1373] or around one in 400 of all pregnancies.

MCDA pregnancies are associated with three to six times increased risk of complications compared to DC twins, where each fetus has its own placenta.[@b6-ndt-13-1373]--[@b9-ndt-13-1373] Due to the presence of placental vascular anastomoses, various complications can occur including twin--twin transfusion syndrome (TTTS), twin anemia polycythemia sequence (TAPS), twin reversed arterial perfusion (TRAP), and selective intrauterine growth restriction (sIUGR). In addition, severe discordant congenital anomalies occur more frequently in MCDA pregnancies and are associated with an increased risk of morbidity and mortality.[@b10-ndt-13-1373] In the case of spontaneous intrauterine demise of one fetus, its co-twin may subsequently die (15%) or suffer from severe cerebral injury (34%) due to acute exsanguinations into the circulation of the demised twin through the placental vascular anastomoses.[@b11-ndt-13-1373]

Although long-term outcome has been studied extensively in cohorts of children delivered following specific MCDA complications, including TTTS[@b12-ndt-13-1373] and co-twin death survivors,[@b13-ndt-13-1373] only a few studies have investigated the long-term outcomes in MC and DC twin cohorts in general.[@b14-ndt-13-1373]--[@b16-ndt-13-1373]

In a study comparing the neurological outcomes of MCDA and DC diamniotic (DCDA) twins, Adegbite et al[@b15-ndt-13-1373] documented the rates of neuromorbidity to be 23% and 4%, respectively. Advances in the treatment of TTTS have decreased its influence on these outcomes; however, the neuromorbidity rates of more recent studies by Acosta-Rojas et al[@b6-ndt-13-1373] (3% complicated, 0.5% uncomplicated) and Ortibus et al[@b17-ndt-13-1373] (10% complicated, 7% uncomplicated) continue to provide a wide range of risk estimates.

Hack et al[@b14-ndt-13-1373] compared neurodevelopmental outcomes in 140 MCDA and 142 DCDA children recruited across nine sites at age 22 months, using the Health Status Classification System Preschool children (HSCS-PS) questionnaire completed by parents, the findings of which were in con-cordance with those of the Griffiths Mental Development Scales. The authors reported that the majority of 2-year-old twins had normal developmental status, and that there were no significant differences between MC and DC twins, apart from a slight delay in hearing and language development in MC twins. Birth weight discordancy did not appear to influence long-term outcome, although there was a trend toward lower Griffith Developmental Quotient (DQ) scores in the smaller twin than in its larger co-twin. There was, however, a significant difference in development between boys and girls, whereby boys had lower DQ scores and the proportion of mildly delayed development was higher amongst male infants. Moreover, infants born before 32 weeks of gestation and/or with a birth weight \<1,500 g had significantly lower DQ scores than infants born after 32 weeks and/or with a birth weight of ≥1,500 g. The study showed that across both the MC and DC groups, the largest proportion of identified developmental concerns on the Griffith scales was within the locomotor domain (ie, 26.5% of the MC group). The authors noted that follow-up at an older child age would be preferable as difficulties relating to neurological handicaps and intellectual disability may only become evident at that time.

Nonetheless, differences in selection/exclusion criteria, criteria for neurodevelopmental delay, and typically small study cohorts make comparison of the available studies difficult. It is also difficult to ascertain factors influencing uncomplicated MCDA twins specifically, given the mixed cohorts which have included the full range of complications including TTTS, co-twin death, and premature birth. Critically, studies have tended to focus on mortality and core neurodevelopmental status, while not exploring the impacts upon socio-emotional and behavioral development.

Thus, there do not appear to be any studies available where the effects of uncomplicated MCDA pregnancy on long-term neurodevelopmental outcome are examined. These are important questions because such pregnancies form the majority of cases, and the structural challenges of shared placental anatomy do conceivably place the fetus at risk for mild neurodevelopmental difficulties as well as socio-emotional and behavioral challenges, which may be evident only later in the child's life. Further, the literature suggests that MCDA pregnancies that appear uncomplicated using standard screening procedures may indeed carry significant undetected complications, sometimes leading to fetal death.[@b18-ndt-13-1373]

The aim of the study was to examine longer-term neurodevelopmental outcomes in a cohort of antenatally uncomplicated MCDA twins delivered in the third trimester.

Methods
=======

The study had ethical approval from the Human Research Ethics Committees of the South Western Sydney Local Health District and University of New South Wales.

Procedure
---------

The study was undertaken at the feto-maternal unit (FMU) at Liverpool Hospital in Sydney. Liverpool Hospital is a tertiary referral center in the South Western Sydney Local Health District, which covers a total of seven local government areas and an estimated population of 820,000.[@b19-ndt-13-1373] The FMU provides a tertiary prenatal scanning, testing, and counseling service for approximately 3,500 pregnancies out of a total obstetric population of 12,000 per year as a subunit of the Division of Women's and Children's Health at the University of New South Wales.

The study used both retrospective and prospective methodology. Retrospective data were extracted from the existing FMU database in the form of an initial patient list, by selecting for MCDA pregnancies that were uncomplicated and undelivered before 28 weeks between the 1st of January 2007 and 31st of December 2009. Prospective data were collected in the form of three parent-completed questionnaires that were sent and received by mail.

There were 97 cases of MCDA twins with a gestational age \>28 weeks during the study period between 2007 and 2009. Twenty-seven cases were deemed unsuitable for the study due to complicated status and/or wrongful inclusion by the data extraction process, and were therefore excluded. Of the remaining 70 cases, eight were listed as requiring an interpreter and were excluded from the final list due to the unavailability of an interpreter to the study due to resourcing, leaving 62 eligible cases. A further 16 of these cases were uncontactable, leaving a final pool of 46 eligible cases.

Consent to participate in the study was obtained via an initial phone call in 44 cases, with two patients declining to participate. Study packs, which included a study information and consent form for patients to sign, were sent to these 44, and follow-up phone calls were made if packs were not returned within 3 weeks. Twenty-two packs were ultimately returned within the allotted time period for data collection of 2 months, providing a response rate of 50% (22 of 44).

Information about the pregnancy and birth details of the child were obtained from the FMU internal database and New South Wales Electronic Medical Records. These included gestational age at birth, birth weight and estimated fetal weight and their percentiles, mode of delivery, Apgar scores, and ultrasound Doppler studies.

Chorionicity was determined by ultrasound in accordance with accepted criteria.[@b4-ndt-13-1373],[@b5-ndt-13-1373] All pregnancies for which this was not conclusive were treated as MC until chorionicity was confirmed antenatally by placental histology. The term "uncomplicated" was used to define those pregnancies unaffected by MC-specific conditions and identifiable discordant growth patterns up to 28-week gestational age. Pregnancies complicated by major congenital malformations, aneuploidy, and the intrauterine demise of a co-twin were also excluded. The MC-specific conditions, TTTS, TAPS, and TRAP were identified sonographically.[@b20-ndt-13-1373]--[@b22-ndt-13-1373] Comparison with an uncomplicated DC control group was not possible as only MC twins are offered routine surveillance every 2 weeks until delivery in the FMU.

Participant study packs comprised the Child Behaviour Checklist (CBCL),[@b23-ndt-13-1373] Child Development Chart (CDC),[@b24-ndt-13-1373] and a parent questionnaire.

The CBCL[@b23-ndt-13-1373] has strong psychometric properties and was scored using the associated Achenbach System of Empirically Based Assessment scoring profile.[@b25-ndt-13-1373] CBCL results were converted into norm-referenced percentiles for the six behavior domains: anxious/depressed, withdrawn, sleep problems, somatic problems, aggressive behavior, and destructive behavior. Percentile scores were categorized as normal (\<95th percentile), borderline (95th--98th percentile), or clinical (\>98th percentile). These behavior domains were collapsed into composite internalizing (anxious/depressed and withdrawn), externalizing (aggressive and destructive behavior), and total domain score categories, which were reported as a norm-referenced "*T*" score out of 100, with categories of normal (*T* \<60), borderline (*T* =60--63), and clinical (*T* \>63).

The CDC[@b24-ndt-13-1373] was scored by calculating the DQ (that is, $\left( \frac{\text{Developmental~age}}{\text{Chronological~age}} \right) \times 100$) of the child in the domains of social, self-help, gross motor, fine motor, and language, as well as an overall DQ, which was calculated as the average of the five domain scores. Quotients were classified as normal (\>85), borderline (85--70), and clinical (\<70).[@b26-ndt-13-1373] The CDC chart did not test beyond 58 months, so parents with children aged \>58 months were asked to complete the chart from their memory of the child at that age; hence, chronological age used in this scenario was 58 months. There is a long history of research supporting the accuracy of parent self-report of child development when using structured inventories.[@b27-ndt-13-1373],[@b28-ndt-13-1373] For example, in their 2013 review, Bedford et al reported that "Measures completed by parents have been shown to be as accurate as those administered by professionals in identifying children with developmental problems (p. 59).[@b29-ndt-13-1373]"

The parent questionnaire was constructed for the purposes of the study to obtain specific information regarding demographics of the child, diagnosed developmental issues, and his/her family background.

Statistical analyses
--------------------

Data were analyzed using SPSS software. In light of the small sample size recruited for this study, a predominantly descriptive approach was taken to the data analysis. Independent *t*-tests were used in a broad comparison of all developmental and behavioral problems with birth weight and gestational age. The Cohen's *d* metric was used to calculate effect sizes and was calculated by dividing the mean difference between groups by the pooled standard deviation (SD). It is widely accepted that Cohen's *d* values of 0.2--0.49 denote small-sized effects, 0.5--0.79 denote medium-sized effects, and \>0.8 denote large effect sizes.

Results
=======

Of the 22 pairs of twins included in the study, the mean age was 4.3 years (SD =0.65). The cohort was split evenly by sex, with 11 male and 11 female twin pairs. Additional baseline family data of these pairs are summarized in [Table 1](#t1-ndt-13-1373){ref-type="table"}.

Pregnancy outcome
-----------------

All 22 pregnancies resulted in live births. Conception was assisted in three pregnancies, by either in vitro fertilization (IVF) (n=2) or intracytoplasmic sperm injection (n=1), and was spontaneous in the remaining 19 pregnancies. Twenty-four of the deliveries were by elective cesarean section (54.6%). In two cases, an emergency cesarean section was performed following the vaginal birth of the first twin due to birth complications (placental abruption and uncorrectable malpresentation). Mean gestational age was 35 weeks and 5 days, with a range from 29 to 38 weeks. The distribution of gestational ages was relatively normal with no evidence of bimodality: only two cases were born at \<32 weeks (29 weeks 3 days in both the cases). Mean birth weight was 2,306 g, and three sets of twins presented with significant birth weight discordances of 26.7%, 27%, and 33.1%. As these three sets of twins were not identified using the antenatal screening methodology employed in the study, they were retained in the sample. Average birth weight discordancy within the cohort was 13%. The mean maternal age was 32.2 years with a range of 20--40 years. Preeclampsia was diagnosed in one primiparous pregnancy, resulting in an overall prevalence of 4.5% which is lower than the recorded figures for nulliparous (26.7%) and primi-/multiparous (17.1%) MC pregnancies.[@b30-ndt-13-1373] Full pregnancy and birth details can be found in [Table 2](#t2-ndt-13-1373){ref-type="table"}.

Developmental and behavioral outcomes
-------------------------------------

Developmental and behavioral data in the form of the parent survey and CBCL were received for all the children. Of the conditions specifically screened for in the parent survey, cases of speech delay requiring speech pathology (n=6, 14% -- children 8, 9, 10, 11, 17, and 18 in [Table 3](#t3-ndt-13-1373){ref-type="table"}), anxiety (n=2, 4.5% -- children 6 and 7 in [Table 3](#t3-ndt-13-1373){ref-type="table"}), and cerebral palsy (CP) (n=1, 2.3% -- child 12 in [Table 3](#t3-ndt-13-1373){ref-type="table"}) were reported. In addition, other medical issues were reported as follows: asthma (n=3, 6.8%), eczema (n=3, 6.8%), and vision problems (n=2, 4.5%); however, these were not considered in subsequent analyses. Details of diagnosis, severity, and treatment were not provided by parents.

CBCL results are presented in [Table 4](#t4-ndt-13-1373){ref-type="table"} and are organized according to normal, borderline, and clinical categories. The average frequency of normal scores in the six CBCL baseline categories per child was 95.9%, indicating a largely problem-free population. Consistent with this, the average *T* score (SD, range) for the internalizing composite was 43.2 (10.5, 30--67), externalizing composite 41.9 (9.0, 30--68), and overall domain 42.2 (10.1, 27--70).

Borderline scores were identified in all of the nine categories, and clinical scores were identified in three; however, all of the borderline and clinical scores were attributable to only six children. Therefore, six of 44 (13.6%) children were found to have some indication of behavioral/emotional problems by the CBCL. Four of these children comprised two female twin pairs, with the scores of one pair of twins (children 1 and 2 in [Table 3](#t3-ndt-13-1373){ref-type="table"}) indicating externalizing behavioral difficulties, while those of the other (children 6 and 7 in [Table 3](#t3-ndt-13-1373){ref-type="table"}) reflected internalizing difficulties. The remaining two children, from separate twin pairs, had vastly different developmental pro-files. One (child 13 in [Table 3](#t3-ndt-13-1373){ref-type="table"}), a female twin with a normal sibling, obtained a borderline score in only one category (anxious/depressed); however, the final child (child 14 in [Table 3](#t3-ndt-13-1373){ref-type="table"}), a male twin with a normal sibling, received borderline scores in four categories and clinical scores in two. Taken together with the reports of two children experiencing anxiety from parent questionnaire data, the overall rate of behavioral/emotional difficulties was 18% (eight of 44).

CDC data were received for 36 of 44 children. Results for frequency of scores are summarized in [Table 5](#t5-ndt-13-1373){ref-type="table"}. Five of 36 (13.9%) children received a borderline score in the gross motor category, while two (5.6%) received a borderline score in the fine motor category. Therefore, seven of 36 (19.4%) of the overall cohort showed some indication of motor delay. Of these cases, five children were identified as having borderline scores in the absence of any other developmental concerns as reported by the parents. These cases comprised two twin pairs and a child with a normally scoring sibling (children 6 and 7, 15 and 16, and 5 in [Table 3](#t3-ndt-13-1373){ref-type="table"}). The two remaining children with borderline gross motor DQs (both 82.6) were the female twin pair identified with externalizing difficulties on the CBCL (children 1 and 2 in [Table 3](#t3-ndt-13-1373){ref-type="table"}).

With respect to mean DQ scores (SD, range) across the cohort, these were as follows: social DQ 99.9 (7.5, 88--113), self-help DQ 102.1 (8.1, 89--126), gross motor DQ 96.2 (10.6, 71--119), fine motor DQ 97.7 (8.3, 84--120), language DQ 100.0 (6.3, 90--111), and overall DQ 99.2 (6.5, 86--113).

Overall developmental concerns
------------------------------

Taking into account the presence of overlap between results from the different screening methods, 11 cases were identified as meeting the criteria for developmental concerns on the questionnaire measures used. In addition, seven children were identified by parent report as having previously existing developmental or behavioral problems, namely speech delay requiring speech pathology (n=6), anxiety (n=2), and CP (n=1). However, none of the children with previously indicated problems were identified in either the CBCL or the CDC tests. Thus, the overall rate of developmental concerns in this cohort was 18 of 44 children or 41% of the sample. Detailed information regarding these 18 cases in relation to pregnancy-related factors is summarized in [Table 3](#t3-ndt-13-1373){ref-type="table"}.

Statistical analyses were conducted to explore whether there were any significant relationships between the presence of developmental concerns and a number of the specific pregnancy/birth factors outlined in [Table 3](#t3-ndt-13-1373){ref-type="table"}. The comparison of pregnancy/birth factors between these groups is summarized in [Table 6](#t6-ndt-13-1373){ref-type="table"}. With alpha set at 0.05, an independent *t*-test indicated that there was a difference that approached statistical significance between the developmental concerns and no developmental concerns groups with respect to birth weight (*t*(42) =−1.9, *P*=0.06). There was a mean difference of 303 g between the developmental concerns cohort (2,127 g) and no developmental concerns cohort (2,430 g) which reflected a Cohen's *d* effect size of 0.59 which is of medium size. Gestational age and birth weight were shown to be highly correlated (Pearson's *r*(44) =0.76), which is unsurprising given the well-understood relationship between the two variables. Interestingly, however, gestational age was not significantly different between the two groups (*t*(42) =−1.5, *P*=0.13, Cohen's *d*=0.49), which is approaching medium size. The relatively small size of the cohort prevented meaningful statistical comparison between the rates of assisted conception or the presence of birth weight discordance \>25%. Results did, however, indicate that a higher proportion of the cohort with developmental concerns were conceived via assisted conception (17% vs 12%).

Similarly, males were overrepresented in the group with developmental concerns relative to those without such concerns (61% vs 42%). Further, it was observed that there were a number of variables on the CDC where boys scored lower than girls overall, namely social DQ (*t*(32) =−2.45, *P*=0.02; boys mean =96.8 \[5.9\], girls mean =102.7 \[7.8\]), self-help DQ (*t*(32) =−3.6, *P*\<0.001; boys mean =97.6 \[5.1\], girls mean =106.2 \[8.2\]), fine motor DQ (*t*(32) =−2.23, *P*=0.03; boys mean =94.6 \[5.9\], girls mean =100.6 \[9.2\]), language DQ (*t*(32) =−4.34, *P*\<0.001; boys mean =96.0 \[4.8\], girls mean =103.6 \[5.3\]), and also the overall DQ (*t*(32) =−3.43, *P*=0.002; boys mean =95.7 \[5.3\], girls mean =102.3 \[5.9\]). There were no sex differences on gross motor DQ or on any aspects of the CBCL, however.

Discussion
==========

Higher rates of neuromorbidity in twins are attributed mainly to prematurity, very low birth weight, and complications related to chorionicity.[@b31-ndt-13-1373] This cohort of 44 uncomplicated MCDA twins delivered with a mean gestational age of 35 weeks 5 days and a mean birth weight of 2,306 g, amongst the first such uncomplicated cohorts studied, reduces the influence of these factors. Consequently, it is expected that rates of complications would be low. The rate of 41% identified for developmental or behavioral concerns in this study is much higher than previous neuromorbidity estimates of 0.5% and 7% for similar cohorts;[@b15-ndt-13-1373],[@b17-ndt-13-1373] however, vast differences in sample sizes and negative outcome inclusion criteria as well as the use of different measures mean that comparisons are problematic. The present study has also included a range of markers of mild-to-moderate developmental concern.

The results of this study may be considered relative to population estimates of developmental delay, which refers to chronic conditions originating in childhood.[@b32-ndt-13-1373] A previous Australian research using the Parents Evaluation of Developmental Status[@b33-ndt-13-1373] has reported that 9% of children were classified as being at high risk of disabilities and 19% were classified as being at medium risk.[@b34-ndt-13-1373] This is similar in international estimates and rates reported in other studies using other techniques, such as the 16.6% rate reported by Hamilton.[@b35-ndt-13-1373] Thus, neurodevelopmental and behavioral concerns in MCDA pregnancies would appear to occur at a rate higher, potentially around double, than that observed in the general population.

Developmental difficulties
--------------------------

The most prevalent developmental problem in this cohort was borderline motor delay, identified in seven of 36 (19.4%) children with no other abnormal DQ scores. This finding is similar to that of Hack et al,[@b14-ndt-13-1373] who reported higher rates of locomotor difficulties, relative to other areas of development, in a cohort of MCDA twins assessed at 22 months of age using the Griffiths Mental Development Scales. In this regard, twinning has been suggested to be an independent risk factor for developmental delay with genetic factors contributing strongly to certain motor development outcomes.[@b36-ndt-13-1373] In a study of 84 pairs of mostly DC twins and 72 singletons from the Gambia, the mean age of achieving motor milestones, such as maintaining head stability, sitting without support, and walking, was found to be significantly higher in twins after adjustment for confounders, with over 90% of population variance attributed to genetic factors rather than environmental factors.[@b36-ndt-13-1373]

Parent-reported language difficulties occurred within the cohort at a rate of 14%. Hack et al[@b14-ndt-13-1373] also reported a slight increase in rates of language and hearing difficulties in MC relative to DC twins. More broadly, it is well documented that twins have more language difficulties than singletons, with the rationale for this placed not only on physiological differences.[@b37-ndt-13-1373] Twins are thought to be spoken to as an individual less frequently and for shorter periods of time by parents, given the temptation to address both together.[@b38-ndt-13-1373] A relationship has also been observed between the presence of a "secret language" between twins and language delay.[@b39-ndt-13-1373] Despite these twin-specific environmental and social influences, speech and language delay is common, with an estimated prevalence of 2.3%--29% in children aged 2--7 years. More detailed understanding of the factors influencing on the development of language difficulties in this cohort is limited by the screening nature of the questionnaires used, although none of the children showed any indication of delay in the CDC.

Consistent with findings from the available literature regarding neurodevelopmental difficulties such as autism spectrum disorder and attention-deficit hyperactivity disorder, where males are affected at higher rates than females, several domain scores on the CDC were significantly lower amongst males than females, namely social DQ, self-help DQ, fine motor DQ, and language DQ. The overall DQ score was also significantly lower in boys, and males were overrepresented in the cohort of children in the study ultimately identified with developmental concerns, relative to those without such concerns (61% vs 42%). These findings are reminiscent of twin data reported by Hack et al,[@b14-ndt-13-1373] and suggest that being male may confer an additional risk factor for neurodevelopmental difficulties.

Internalizing and externalizing problems are thought to affect up to 25% of youth in Australia.[@b40-ndt-13-1373] Current available estimates of high internalizing scores in normal singleton populations at age 5 suggest rates of 8% (borderline and clinical scores) and 4.6% (clinical scores only).[@b40-ndt-13-1373],[@b41-ndt-13-1373] A rate of 11.3% for CBCL-identified and parent report of diagnosed internalizing problems in the current cohort therefore does appear higher than would normally occur. It is difficult to determine the extent to which removal of extreme prematurity, low birth weight, and MC conditions from this cohort decreases the risk of developmental delay, given the small sample size of this study; however, it could be reasoned that for these behavioral problems, environmental factors may have played a role. For example, the relationship between parental anxiety and children's outcomes is well documented.[@b42-ndt-13-1373],[@b43-ndt-13-1373] While the collection of relatively limited personal data in this study means that environmental factors can only be speculated, a twin pregnancy, even when uncomplicated, and subsequent care of two infants can be considered a stressful event.[@b38-ndt-13-1373] Similarly, IVF conception may have added further to the stress of several of the parents in this cohort.

Clinical CBCL scores for externalizing problems were identified in three children, producing a rate of 6.8% in this cohort. Rates reported by Bayer et al[@b40-ndt-13-1373] and Potijk et al[@b41-ndt-13-1373] of 5.5% (borderline or clinical scores) and 5.2% (clinical only), respectively, indicate that the present results are broadly consistent with population norms, if slightly higher; however, the influence of environmental factors on these rates would again require further investigation.

The above-noted modest developmental concerns regarding motor development, speech and language development, and socio-emotional development are amenable, in the main, to early intervention provided by allied professionals such as occupational therapists, speech pathologists, and psychologists. It would appear that one direct implication of this study would be for MCDA twins to have regular developmental checks with a pediatrician during the first several years of life so as to identify any emerging concerns quickly and obtain a referral for appropriate intervention. In Australia, there is a process for universal developmental surveillance, and parents could be explicitly encouraged and supported to adhere to attending regular developmental checks through until school-age, rather than dropping out as often occurs after the infant is aged around 12 months.[@b44-ndt-13-1373]

One child presented with previously diagnosed CP, resulting in a prevalence of 2.3% within this population. Twins are known to have a four times greater rate of CP than singletons (0.59% vs 0.14%), with a further increased risk of MCDA pregnancies.[@b45-ndt-13-1373] Studies by Ortibus et al[@b17-ndt-13-1373] and Hack et al[@b14-ndt-13-1373] have reported rates of 2% and 2.2%, respectively, in complicated MCDA cohorts; however, Ortibus et al[@b17-ndt-13-1373] reported a CP rate in uncomplicated MCDA twins of only 0.63%, which is more comparable with overall twin estimates. A number of risk factors can increase the likelihood of CP in twins, including discordant growth and preterm birth, with 20% of CP cases in twins occurring in children born between 32 and 36 weeks of gestation.[@b46-ndt-13-1373] The child with CP in the current sample had a gestational age of 35 weeks 2 days and a high birth weight discordancy of 22.5%. Assisted reproductive technology (ART) is also considered to increase the likelihood of CP; however, this is likely to be attributable to higher rates of twinning and resultant complications, such as prematurity.[@b46-ndt-13-1373] ART was found to be responsible for higher rates of neuromorbidity in MCDA twins;[@b17-ndt-13-1373] however, these findings were based on a cohort of both complicated and uncomplicated cases, making comparison with the current sample difficult.

Pregnancy/birth factors
-----------------------

Birth weight and gestational age were the only pregnancy/birth factors able to be analyzed for statistical significance in this study. The developmental concerns group tended to have a lower birth weight (*P*=0.06) of medium effect size. Gestational age was not significantly different between the groups; however, the correlation between birth weight and gestational age was high at *r*=0.76. This expected finding adds additional validity to the measures used in the study to determine neurodevelopmental and behavioral concerns, and when considered alongside evidence from the literature regarding the timing of delivery,[@b47-ndt-13-1373] this also appears to further support the argument for later delivery.[@b48-ndt-13-1373]

While the majority of extant research has focused on outcomes of MCDA pregnancies with abnormal clinical episodes, these cases may be considered the more extreme end of a spectrum that extends from MCDA twins with no anastomoses and equal share, to various imbalances of blood volume distribution associated with the different types of anastomoses for varying periods of time. For example, it is widely accepted that during a pregnancy with no intervention for TTTS or sIUGR, one may see significant amniotic fluid discordance commonly which usually resolves.[@b49-ndt-13-1373] Furthermore, in uncomplicated MCDA twins managed with scan surveillance every 2 weeks who have reached the third trimester of pregnancy, unexpected fetal loss risk as high as 4.3% at 32 weeks of gestation has been reported,[@b18-ndt-13-1373] or a comparable magnitude (3.8%) of pregnancies with infants having severe neurodevelopmental delay following the prenatal diagnosis of unexpected acute-onset complications.[@b50-ndt-13-1373] This demonstrates that MCDA fetal development is exposed to significantly greater changes in physiology than DC twins, which in turn may negatively influence neurodevelopmental outcomes. The mechanisms underlying this require further research including MCDA cases nominally described as uncomplicated.

Limitations and further research
--------------------------------

As well as small cohort size, aspects of the methodology may have influenced the outcomes of this study. The questionnaires used to obtain data in this study were parent-completed screening tests, as opposed to the direct pediatric developmental evaluations as used in several available studies.[@b14-ndt-13-1373],[@b15-ndt-13-1373],[@b17-ndt-13-1373] Nonetheless, parent report of child development using structured tools is thought to be accurate relative to observational measures,[@b27-ndt-13-1373]--[@b29-ndt-13-1373] and many aspects of the present results, including lower developmental scores across many domains for boys, and relatively high rates of motor difficulties, are consistent with the findings of Hack et al,[@b14-ndt-13-1373] who used the Griffiths Mental Development Scales. Furthermore, in that study, parent report using the HSCS-PS was also found to be commensurate with the Griffiths results. Screening tests are designed to identify groups at sufficient risk to warrant a more in-depth evaluation, rather than providing a quantitative assessment or diagnosis and therefore potentially have a higher rate of positive results.[@b51-ndt-13-1373] Furthermore, it has been suggested that this problem is more pronounced for twins, where parents must remember two separate developmental trajectories and are likely to compare and contrast the two children, potentially leading to an overestimation or under-estimation of differences between the two.[@b52-ndt-13-1373] In any event, the observed differences between parent-structured questionnaire report of difficulties (eg, CDC, CBCL) and parent qualitative report of previously diagnosed difficulties merit investigation in future studies.

Data were initially extracted from the FMU by selecting for MC status and then further condensing the cohort manually based on date of birth and gestational age; however, more detailed cross-referencing with hospital databases revealed that a number of patients included did not truly fit the MCDA inclusion criteria. A total of 27 of 90 patients were revealed as inappropriate, meaning that patients were correctly identified at a rate of 70%. While these cases did not affect the final outcome of this study, they do cast doubt on the specificity and reproducibility of the method. The size, timing, and differences in Liverpool FMU protocol for the screening and care of DC twins also meant that comparison with DC data from within the same selection population was not possible. Comparison with a control would have better contextualized the results, and the contrast between the two groups may have highlighted trends not as obvious in this study.

One of the elements of this study that we would like to have further explored is the specific details of chorionicity. Problems with determining chorionicity sonographically would most likely not have affected our results; however, more detailed analysis of placental histology may have highlighted relationships unable to be tested in this study. Placental angioarchitecture in relation to clinical outcome is an interesting and fast-developing area of research, and while the size and resources of this study did not allow for further investigation, it is an area that will hopefully be researched by this facility in the future. In any event, longer-term follow-up studies would appear to be strongly indicated with MCDA cohorts.

Conclusion
==========

Within this cohort of preschool-aged MCDA twins, we observed a high rate of neurodevelopmental concerns (41%) of mild-to-moderate severity. While these encompassed a wide range of concerns, lower average scores for motor (19%) and speech and language (14%) development, as well as internalizing difficulties (11%) predominated. Consistent with the existing literature, the presence of developmental concerns was associated with a lower birth weight. However, further studies are needed to elucidate whether twinning in itself may increase the risk for developmental delay, and in particular motor development, and the unique contributions of genetic factors including on placental development in addition to perinatal factors such as low birth weight and prematurity. Further research with an increased sample size and a refined methodology are required to understand the possible mechanisms and to give more clinical significance to these conclusions.
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###### 

Family data

  Characteristics                    n (%)
  ---------------------------------- -----------
  Number of children in the family   
   2                                 12 (27.3)
   3                                 22 (50)
   4                                 6 (13.6)
   5                                 4 (9.1)
   Total                             44 (100)
  Birth order                        
   1                                 9 (20.5)
   2                                 18 (40.9)
   3                                 13 (29.5)
   4                                 3 (6.8)
   5                                 1 (2.3)
   Total                             44 (100)
  Family make-up                     
   Living with both parents          40 (90.9)
   Living with one parent            4 (9.1)
   Total                             44 (100)
  Family income (AUD)                
   \<25,000                          4 (9.1)
   25,001--40,000                    2 (4.5)
   55,001--70,000                    4 (9.1)
   70,001--85,000                    12 (27.3)
   85,001--100,000                   8 (18.2)
   100,001--115,000                  6 (13.6)
   \>115,000                         4 (9.1)
   Did not wish to answer            4 (9.1)
   Total                             44 (100)

**Abbreviation:** AUD, Australian dollar.

###### 

Pregnancy outcomes for children in the study

  Parameters                             Per child                     Per pregnancy
  -------------------------------------- ----------------------------- ---------------
  Total number                           44 (100)                      22 (100)
  Method of conception                                                 
   Spontaneous                           38 (86.4)                     19 (86.4)
   Assisted                              6 (13.6)                      3 (13.6)
  Delivery method (at least one birth)                                 
   Vaginal                               14 (31.8)                     8 (36.4)
   Cesarean section                                                    
    Elective                             24 (54.5)                     12 (54.5)
    Emergency                            6 (13.6)                      4 (18.2)
  Gestational age                        250 (14) (35 weeks, 5 days)   
  Birth weight (g)                       2,306.1±528.3                 
  Birth weight discordancy                                             
   \<25%                                 38 (86.4)                     19 (86.4)
   \>25%                                 6 (13.6)                      3 (13.6)
  Non-MCDA pregnancy complications                                     
   Light bleeding, first trimester       8 (18.2)                      4 (18.2)
   Preeclampsia                          2 (4.5)                       1 (4.5)
  Maternal factors                                                     
   Maternal age (years)                  32.18 (5.2)                   
   Smoking                                                             
    Yes                                  0 (0)                         0 (0)
    No                                   42 (95.5)                     21 (95.5)
    Unanswered                           2 (4.5)                       1 (4.5)
   Alcohol                                                             
    Yes                                  2 (4.5)                       1 (4.5)
    No                                   36 (81.8)                     18 (81.8)
    Unanswered                           6 (13.6)                      3 (13.6)

**Note:** Data are presented as n (%) or mean ± SD.

**Abbreviations:** MCDA, monochorionic diamniotic; SD, standard deviation.

###### 

Profile of children showing abnormal developmental outcomes

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Child ID   Twin pair   Sex      Age (years)   Identified developmental concern                                                              Gestational age (weeks)   Method of conception   Birth weight (g)   Birth weight discordancy   Pregnancy/birth details                                                                       Other information/comments
  ---------- ----------- -------- ------------- --------------------------------------------------------------------------------------------- ------------------------- ---------------------- ------------------ -------------------------- --------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------
  1          A           Female   3.8           Wide-ranging internalizing and externalizing problems\                                        36                        Spontaneous            2,670              33.2%                      Preeclampsia. Light bleeding in the first trimester                                           Immature with Play\
                                                Identified borderline gross motor delay                                                                                                                                                                                                                                                    Does not listen

  2          A           Female   3.8           Externalizing problems\                                                                       36                        Spontaneous            1,785              33.2%                      Preeclampsia. Light bleeding in the first trimester                                           Gets into things\
                                                Identified borderline gross motor delay                                                                                                                                                                                                                                                    Does not listen Visual problems

  3          B           Female   3.8           Borderline CBCL scores for withdrawn and internalizing problems                               35                        Spontaneous            2,890              14.2%                      Breech presentation                                                                           Negative biopsy at 2 years for lymphoma\
                                                                                                                                                                                                                                                                                                                                           Described as shy

  4          B           Female   3.8           Borderline CBCL scores for somatic problems                                                   35                        Spontaneous            2,480              14.2%                                                                                                                    Shy\
                                                                                                                                                                                                                                                                                                                                           Clingy to mother and sister

  5          C           Female   3.8           Identified gross motor DQ of 79 (borderline)                                                  36                        Spontaneous            1,780              24.7%                      Breech presentation.\                                                                         
                                                                                                                                                                                                                                             Apgar at 1 minute: 9 and at 5 minutes: 9                                                      

  6          D           Male     4.3           Anxiety Borderline DQ for fine motor                                                          34                        Assisted -- IVF        1,700              0.6%                       Placenta previa                                                                               Anxiety percentile high normal -- 78th

  7          D           Male     4.3           Anxiety Borderline DQ for fine motor                                                          34                        Assisted -- IVF        1,690              0.6%                       Placenta previa                                                                               Anxiety percentile high normal -- 69th

  8          E           Male     5             Speech pathology                                                                              32                        Spontaneous            1,660              2.5%                       Normal vaginal birth                                                                          Described as shy\
                                                                                                                                                                                                                                                                                                                                           Nose bleeds

  9          E           Male     5             Speech pathology                                                                              32                        Spontaneous            1,618              2.5%                       Breech presentation.\                                                                         Described as shy\
                                                                                                                                                                                                                                             Apgar at 1 minute: 5, at 5 minutes: 9                                                         Nose bleeds

  10         F           Male     5             Speech pathology                                                                              32                        Spontaneous            1,570              17.2%                      Cord loose around neck. Apgar at 1 minute: 7 and at 5 minutes: 9                              

  11         F           Male     5             Speech pathology                                                                              32                        Spontaneous            1,896              17.2%                      Placental abruption -- emergency cesarean section. Apgar at 1 minute: 6 and at 5 minutes: 9   

  12         G           Female   3.3           Cerebral palsy -- mild. Affects right hand                                                    35                        Assisted -- IVF        2,555              22.5%                      Elective cesarean section indicated by previous cesarean section                              Has lisp. Maternal diabetes mellitus

  13         H           Female   3.9           Borderline score in CBCL for anxiety                                                          28                        Spontaneous            2,980              1.3%                       Elective cesarean                                                                             Eczema, very shy

  14         I           Male     3.8           Borderline CBCL scores: anxious/depressed, withdrawn, somatic, and externalizing problems.\   34                        Spontaneous            2,905              19.8%                      Vaginal delivery (induced)                                                                    Stutters, so nervous in new situations No concentration span, obsessively routine
                                                Clinical scores in internalizing and total scores                                                                                                                                                                                                                                          

  15         J           Male     4.7           Borderline DQ gross motor                                                                     39                        Spontaneous            1,700              15.6%                      Prolonged second-stage labor                                                                  

  16         J           Male     4.7           Borderline DQ gross motor                                                                     39                        Spontaneous            1,435              15.6%                      Cord tight around neck. Apgar at 1 minute: 9, and at 5 minutes: 9                             

  17         K           Male     5             Speech pathology                                                                              39                        Spontaneous            2,590              7.7%                       Elective cesarean                                                                             

  18         K           Male     5             Speech pathology                                                                              39                        Spontaneous            2,390              7.7%                       Elective cesarean                                                                             
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:** Use of the same letters in the twin pair column denotes a twin data set; only one set of data is presented in the case of some twin pairs where one of the twins was developing normally.

**Abbreviations:** CBCL, Child Behaviour Checklist; IVF, in vitro fertilization; DQ, developmental quotient.

###### 

Developmental data -- Child Behaviour Checklist

  Parameters                                                           Per child   Per pregnancy
  -------------------------------------------------------------------- ----------- ---------------
  Total number                                                         44 (100)    22 (100)
  Anxious/depressed[a](#tfn7-ndt-13-1373){ref-type="table-fn"}                     
   Normal                                                              42 (95.5)   20 (91.0)
   Borderline                                                          2 (4.5)     2 (9.1)
   Clinical                                                            0 (0)       0 (0)
  Withdrawn[a](#tfn7-ndt-13-1373){ref-type="table-fn"}                             
   Normal                                                              41 (93.2)   19 (86.3)
   Borderline                                                          3 (6.8)     3 (13.6)
   Clinical                                                            0 (0)       0 (0)
  Sleep problems[a](#tfn7-ndt-13-1373){ref-type="table-fn"}                        
   Normal                                                              43 (97.7)   21 (95.5)
   Borderline                                                          1 (2.3)     1 (4.5)
   Clinical                                                            0 (0)       0 (0)
  Somatic problems[a](#tfn7-ndt-13-1373){ref-type="table-fn"}                      
   Normal                                                              42 (95.5)   20 (91.0)
   Borderline                                                          2 (4.5)     2 (9.1)
   Clinical                                                            0 (0)       0 (0)
  Aggressive behavior[a](#tfn7-ndt-13-1373){ref-type="table-fn"}                   
   Normal                                                              43 (97.7)   21 (95.5)
   Borderline                                                          1 (2.3)     1 (4.5)
   Clinical                                                            0 (0)       0 (0)
  Destructive behavior[a](#tfn7-ndt-13-1373){ref-type="table-fn"}                  
   Normal                                                              42 (95.5)   21 (95.5)
   Borderline                                                          2 (4.5)     1 (4.5)
   Clinical                                                            0 (0)       0 (0)
  Internalizing composite[b](#tfn8-ndt-13-1373){ref-type="table-fn"}               
   Normal                                                              41 (93.2)   19 (86.4)
   Borderline                                                          2 (4.5)     2 (9.1)
   Clinical                                                            1 (2.3)     1 (4.5)
  Externalizing composite[b](#tfn8-ndt-13-1373){ref-type="table-fn"}               
   Normal                                                              41 (93.2)   20 (91.0)
   Borderline                                                          1 (2.3)     1 (4.5)
   Clinical                                                            2 (4.5)     1 (4.5)
  Total scores[b](#tfn8-ndt-13-1373){ref-type="table-fn"}                          
   Normal                                                              41 (93.2)   19 (86.4)
   Borderline                                                          1 (2.3)     1 (4.5)
   Clinical                                                            2 (4.5)     2 (9.1)

**Notes:** Data are presented as n (%).

Scored using norm-referenced percentile scores where normal is \<95th percentile, borderline is 95th--98th percentile, and clinical is \>98th percentile.

Scored using *T* scores where normal is *T*\<60, borderline is *T*=60--63, and clinical is *T*\>63.

###### 

Developmental data -- Child Development Chart

  Parameters     Per child   Per pregnancy
  -------------- ----------- ---------------
  Total number   36 (100)    18 (100)
  Social                     
   Normal        36 (100)    18 (100)
   Borderline    0 (0)       0 (0)
   Clinical      0 (0)       0 (0)
  Self-help                  
   Normal        36 (100)    18 (100)
   Borderline    0 (0)       0 (0)
   Clinical      0 (0)       0 (0)
  Gross motor                
   Normal        31 (86.1)   15 (83.3)
   Borderline    5 (13.9)    3 (16.7)
   Clinical      0 (0)       0 (0)
  Fine motor                 
   Normal        34 (94.4)   17 (94.4)
   Borderline    2 (5.6)     1 (5.6)
   Clinical      0 (0)       0 (0)
  Language                   
   Normal        36 (100)    18 (100)
   Borderline    0 (0)       0 (0)
   Clinical      0 (0)       0 (0)
  Global                     
   Normal        36 (100)    18 (100)
   Borderline    0 (0)       0 (0)
   Clinical      0 (0)       0 (0)

**Notes:** Data are presented as n (%). Developmental quotients (that is, $\left( \frac{\text{Developmental~age}}{\text{Chronological~age}} \right) \times 100$) were classified as normal (\>85), borderline (85--70), and clinical (\<70).[@b26-ndt-13-1373]

###### 

Comparison of developmental data and pregnancy/birth factors

  Pregnancy/birth factor                Developmental concerns (n=18)   No developmental concerns (n=26)
  ------------------------------------- ------------------------------- ----------------------------------
  Assisted conception                   3 (17%)                         3 (12%)
  Gestational age                       246.3 (11.1) (35 weeks 1 day)   252.8 (3.0) (36 weeks)
  Birth weight (g)                      2,127.4 (537.6)                 2,404.82 (525.2)
  Presence of discordant growth \>25%   2 (11%)                         4 (15%)
  Male child                            11 (61%)                        11 (42%)

**Note:** Data are presented as n (%) or mean (SD).

**Abbreviation:** SD, standard deviation.
